Introduction
Head and neck cancer (HNC) is the sixth most common cancer worldwide, and about 90% of HNC cases are head and neck squamous cell carcinoma (HNSCC) cases. 1 Despite the advancements in treatment, the survival of HNSCC patients has remained poor in the past 40 years, with the 5-year postoperative survival rate being <50%. 2 However, if diagnosed at an early stage, the survival rate can be as high as 80%. 3 Therefore, identification of biomarkers, especially at the early stage, is urgent for improvement of HNCSS patients' survival.
Klotho (KL) is a single-transmembrane protein composed of 1,012 amino acids. 4 The extracellular domain of KL can be cleaved and released into blood, urine and cerebrospinal fluid, 5 where it acts as a hormone to regulate physiological processes. 6 Although it was initially discovered as an antiaging gene in 1997, 7 KL has recently emerged as a potent tumor suppressor in a wide variety of cancers, including breast cancer, [7] [8] [9] renal cell carcinoma, 10 thyroid cancer, 11 lung cancer, 12 pancreatic cancer, 4 oral
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Zhu et al cancer and esophageal squamous cell carcinoma (ESCC), 13 whereas in ovarian cancer, its expression was reported to be associated with poor prognosis. 14 Compared to normal tissues or adjacent tissues, decreased KL gene expression has been consistently detected in many tumors. On the other hand, restoring KL inhibited cancer cell proliferation. [4] [5] [6] [7] [8] Although studies of KL in HNSCC just started recently and are still very limited, the available data already demonstrated reduced KL levels in oral squamous cell carcinoma (OSCC) and ESCC. 13, 15 KL expression is epigenetically regulated by its promoter DNA methylation, a DNA modification frequently found in cancers. 16 KL promoter hypermethylation has been reported to silence its expression and consequently leads to the loss of its tumor suppressive function. 9 In fact, KL promoter hypermethylation has been found in malignancies such as HNSCC, 17 breast cancer, 9 colorectal cancer 18 and cervical cancer. 19 These findings raise the surge of evaluating KL expression and its DNA methylation as potential prognosticators in HNSCC.
Thus, the purpose of this study was to investigate the significance of KL expression and its DNA methylation in HNSCC survival. To explore the possible underlying mechanisms, we examined their associations with the autophagyassociated gene LC3 as well as the RNA methyltransferase gene NSUN2, a newly discovered prognostic marker for HNSCC.
20
Materials and methods gene expression, Dna methylation and clinicopathologic data
The Cancer Genome Atlas HNSCC provisional dataset (www. cbioportal.org) enrolled 530 patients, of whom 522 tumor specimens were analyzed for RNA levels using RNA-seq and for DNA methylation using Illumina DNA methylation array HM450, which were conducted as previously described. 21 Both upper quartile normalized RNA-seq V2 RNA-seq by expectation maximization (RSEM) values of KL expressions, and beta values of KL, which are the ratios of intensities between methylated and unmethylated alleles to estimate DNA methylation levels, as well as clinicopathologic data were retrieved.
Of the 522 patients who had available data on both RNAseq and DNA methylation of KL, the average age was 60.9 years old (range from 19 to 90). There were 200 patients whose tumor was located at the tongue, 135 had tumor at the pharynx and 186 had tumor at other sites of head and neck. The patients, except for one without indicated gender, were composed of 384 males and 137 females. Based on the information available for race (506 patients), Caucasian patients accounted for 88.1%, African Americans 9.3%, Asians 2.2% and Native Americans 0.4%. One hundred seventeen patients had no smoking history and 391 had it. There were 284 patients with a stage IV disease, 105 patients with stage III, 98 patients with stage II and 20 patients with stage I disease. Sixty-three patients had a tumor with grade I (12.2%), 304 with grade II (58.8%) and 150 with grade III (29%). Post-radiotherapy information was available only for 183 patients, of whom 121 (66.1%) received radiotherapy after surgery, while 62 did not. The follow-up information was available for 519 patients with the average overall survival being 21.2 months (range from 0.07 to 210.8 months; Table 2 ).
statistical analyses
Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc.). The overall survival in months was calculated as the time from surgery until either the event of death or last follow-up, whichever came first. Spearman correlation was performed to analyze the correlations between KL expression and DNA methylation, NSUN2 or LC3 expression. When KL expression and DNA methylation were treated as categorical variables, they were classified into three groups: low, medium and high, based on the distribution of tertile as the cutoff values. The chi-squared test was used to analyze the associations of KL expression and DNA methylation with clinicopathologic variables. Kaplan-Meier survival curves were used to assess the associations of KL expression and DNA methylation with patient survival, and multivariate Cox proportional hazard regression models were used to estimate the HRs and their 95% CIs, after adjusting for patients' age at diagnosis, disease stage, tumor grade, gender and smoking status. A P-value <0.05 was considered statistically significant.
Results
association of Kl expression and its Dna methylation with clinicopathologic features in patients
In the analyzed 522 tumor samples, the average expression level of KL was 11. 
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Zhu et al Table 2 shows the associations of KL expression and its DNA methylation with clinicopathologic variables. To limit variation, we first classified patients into three categories: low, medium and high, based on the tertile distribution of KL expression and its methylation, respectively. Although patients with more advanced stage of disease tended to have lower KL expression (P-trend =0.039), KL expression levels between disease stages were not statistically different (P=0.183). However, KL expression was found to be significantly associated with tumor sites (P<0.0001). Patients with tumor on tongue tended to have a high KL expression, while tumor on other sites beyond the tongue and pharynx tended to have a low KL expression. No statistically significant associations were found between KL expression with other variables such as tumor grade, race, gender and smoking status. Note: a n (%).
KL DNA methylation was found to be significantly associated with gender (P=0.012), tumor grade (P=0.0009) and tumor site (P<0.0001). Female patients tended to have a higher KL methylation than males (P-trend =0.04). Patients with higher tumor grade (poor differentiation) tended to have a lower KL methylation, while those with lower tumor grade tended to have a higher KL methylation (P-trend =0.0006). In addition, it was found that patients with a disease on tongue tended to have a lower KL methylation, while those with a tumor located beyond the tongue and pharynx tended to have a higher KL methylation (P-trend <0.0001). No significant associations were found between KL methylation with other variables, such as race (P=0.775), smoking status (P=0.288) and disease stage (P=0.520).
associations of Kl expression and methylation with patient survival
Kaplan-Meier survival curve analyses stratified by either KL expression or KL methylation levels were first performed to examine the associations of KL expression and DNA methylation with overall survival. The results showed that patients with high KL expression had significantly superior overall survival in comparison to those with low KL expression (logrank P=0.002; Figure 1) Figure 2 ). The medians of overall survival were 57.9 months (95% CI: 47.9-159.5 months) for those with low methylation, 48.2 months (95% CI: 32.5-89.3 months) for those with medium methylation and 37.2 months (95% CI: 22.2-65.8 months) for those with high methylation. Patients with low KL DNA methylation had 20.7 months longer overall survival than those with high methylation. The HRs were 1.23 with 95% CI ranging from 0.87 to 1.74 (P=0.251) for patients with medium vs low methylation and 1.50 with 95% CI ranging from 1.07 to 2.08 (P=0.018) for those with high vs low methylation. There was a statistically significant trend (P-trend =0.017).
To further validate the Kaplan-Meier survival curve results, we performed multivariate Cox proportional hazard Figure 1 Kaplan-Meier overall survival curves stratified by KL expression levels. Notes: In comparison to low expression, high KL expression had significantly superior overall survival (log-rank P=0.002). The hR was 0.58 with 95% Ci ranging from 0.42 to 0.81 (P=0.001) for high vs low, while for medium vs low, the hR was 0.68 with 95% Ci ranging from 0.50 to 0.93 (P=0.015). There was a statistically significant trend (P-trend =0.001).
1.00
High KL expression (n=173) models with the adjustment of potential confounding variables, including patient age at diagnosis, disease stage, tumor grade, gender and smoking status. Again, the multivariate Cox models showed that patients with high KL expression had a lower risk of death than those with low expression (Table 3 ). The adjusted HRs were 0.69 (95% CI: 0.50-0.95) for medium vs low (P=0.025) and 0.59 (95% CI: 0.42-0.83) for high vs low (P=0.003). A significantly decreased trend existed (P=0.002). In contrast, high KL DNA methylation significantly increased the risk of death in these patients. The adjusted HRs were 1.24 (95% CI: 0.86-1.78) for medium vs low methylation (P=0.248) and 1.52 (95% CI: 1.07-2.17) for high vs low methylation (P=0.019). There was a significantly increased trend in the risk of death with increased KL DNA methylation (P-trend =0.018).
associations of Kl expression and its methylation with lC3 and nsUn2
To explore the possible mechanisms underlying the prognostic factors of KL expression and its DNA methylation in HNSCC survival, we examined their associations with the expression of LC3, an autophagy-related gene, and NSUN2, a tRNA methyltransferase gene, both of which have been shown to be critically involved in HNSCC. KL expression was positively associated with LC3 expression (correlation coefficient =0.17, P=0.0003; Figure 3A Figure 3B ). On the other hand, KL expression was found to be negatively associated with NSUN2 expression (correlation coefficient =-0.16, P=0.0002; Figure  4A ) and KL methylation to be positively related to NSUN2 expression (correlation coefficient =0.15, P=0.004; Figure 4B ).
Discussion
To our knowledge, this is the first study to evaluate the prognostic value of KL in predominantly Caucasian HNSCC patients (88.1%) with a relatively large sample size (522 available data). We found an obvious negative correlation between KL expression and its DNA methylation, suggesting that KL DNA methylation leads to the silencing of its expression in HNSCC. Consistent with this inverse relationship, we discovered that patients with either high KL expression or low KL DNA methylation had lower risk of death and a superior overall survival, suggesting KL and its DNA methylation can be potential indicators for prognosis in HNSCC. Moreover, this research revealed significant associations of KL expression and its DNA methylation with NSUN2 and LC3, two reported prognosis indicators for HNCSS.
KL is an antiaging hormone and essentially involved in longevity and cellular homeostasis. It has been reported that KL, as a tumor suppressor, downregulates insulin growth factor (IGF) signaling pathway that is involved in tumorigenesis and progression of many human cancers, including renal cell carcinoma, 10 breast cancer, 22 lung cancer, 9, 23 pancreatic cancer 4 and HNC. 9, 12, 13, 15, 24 Compared to normal tissues, tumor tissues usually have a dramatically reduced KL expression. 10, 19, 25 Previous studies have reported reduced KL protein levels in ESCC and OSCC. 15, 17 Furthermore, decreased KL protein levels usually parallel with increased DNA methylation in its promoter region and are associated with poor prognosis for a variety of cancers, such as Figure 2 Kaplan-Meier overall survival curves stratified by KL DNA methylation levels. Notes: high Kl Dna methylation had inferior overall survival than low methylation (log-rank P=0.057). The hR was 1.50 with 95% Ci ranging from 1.07 to 2.08 (P=0.018) for high vs low, while for medium vs low, the hR was 1.23 with 95% Ci ranging from 0.87 to 1.74 (P=0.251). There was a statistically significant trend (P-trend =0.017). 
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Zhu et al hepatocellular cancer, 24 gastric cancer 26 and ESCC. 15 In vitro cell line experiments suggest that restoring KL expression or the treatment with soluble KL protein suppresses cancer cell proliferation. 19, 25 In addition to downregulation of IGF signaling, KL may also exert its tumor suppressive function by antagonizing the Wnt/β-catenin signaling pathway, 27, 28 thereby leading to the suppression of oncogenes, such as c-myc and cyclin D1, which are abnormally activated in tumors. Furthermore, downregulation of the fibroblast growth factor pathwaymediated phosphorylation of Akt and ERK1/2 has been attributed to the tumor suppressive effect of KL in pancreatic cancer. 4 KL has also been reported to inhibit TGF-β1-induced epithelial-mesenchymal transition (EMT) by directly binding to TGF-β receptor. 29 Our previous study revealed that high expression of TWIST1, a key regulator in EMT, was associated with poor survival in HNSCC. 30 In this study, we observed a significantly positive relationship between KL mRNA levels and the overall survival of HNSCC patients. For the patients with high KL expression, the overall survival is generally 25.8 months longer than in patients with low KL expression. This finding adds more evidence to support KL as a tumor suppressor in the context of human cancers.
Due to the enriched CpG sites (aka CpG island) in the promoter region, KL expression can be epigenetically silenced by DNA methylation, 9, 25 and the demethylation agent 5-aza-2'-deoxycytidine restores KL expression. 26, 31 As expected, in this study, we found a significantly negative correlation 
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Zhu et al between KL DNA methylation and expression in HNSCC tissues. Consistently, we also observed that the correlation of KL methylation with disease survival was always inversely parallel to that of KL expression. That is, lower KL methylation was associated with lower risk of death and superior overall survival. These findings are consistent with previous reports showing that tumor tissues usually had higher KL methylation compared to adjacent normal tissues, 9, 18, 26 and that high KL methylation was associated with poor prognosis and severity of several human cancers. 18, 24, 32 For example, Rubinek et al reported that breast cancer patients with high KL methylation had poor prognosis. 9 A similar result of high KL methylation and poor prognosis was reported in hepatocellular carcinoma. 24 In tumor tissues from OSCC patients, DNA methyltransferase 3a was found to be higher and the KL protein level was lower than in normal tissues. 13 Together, these data suggest that DNA methylation of KL plays an important role in the progression of HNSCC. 33, 34 However, a research done in HNSCC samples from Saudi Arabia reported that in HNSCC patients with moderately differentiated tumors, KL methylation was related to better survival rate, compared to that in those without KL methylation. 17 Autophagy is critical for maintaining cellular homeostasis by the degradation of misfolded proteins and damaged organelles. In cancers, autophagy can play dual roles as tumor promotor or suppressor depends on the tumor stages. At the early stage, autophagy-mediated cell survival may contribute to cancer etiology and progression, while at a later stage, activation of autophagy can be antitumorigenic. 35 In oral tongue squamous cell carcinoma (OTSCC) patients, there is evidence that the expression of autophagy-related gene beclin-1 was decreased in the tumor tissue and correlated with poor prognosis. In addition, overexpression of this autophagy gene inhibited proliferation and clonogenicity of OTSCC cells. 36 LC3 is a specific marker for the autophagosome. In this study, we found that either high KL expression or low KL DNA methylation correlated positively with LC3 level in HNSCC. KL has been reported to exert its tumor suppressive function by activation of autophagy in several cancers. 37, 38 Our data thus suggest a link between LC3 and KL in HNSCC.
NSUN2 is an RNA methyltransferase involved in cell proliferation and differentiation. 39, 40 NSUN2 is a direct target of MYC, 41 and its overexpression has been reported to contribute to the development of several cancers, such as breast cancer 42 and HNSCC. 20 Moreover, high NSUN2 level is positively associated with poor prognosis in HNSCC. 20 Recently, it was discovered that NSUN2 is also a transcription target of the Lef1/β-catenin complex, 39 a well-known downstream pathway inhibited by KL. 43 In agreement with these reports, we found that NSUN2 was negatively correlated with KL expression but positively correlated with KL methylation in HNSCC. To our knowledge, this is the first study to demonstrate a relationship between KL and NSUN2 in HNSCC.
Conclusion
This study points out that KL gene expression and its promoter DNA methylation are potential prognostic markers for HNSCCs. Moreover, our findings also suggest correlations of KL with both LC3 and NSUN2 in HNSCC. Further studies on the roles of LC3 and NSUN2 as downstream targets regulated by KL in HNSCC are warranted.
